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Introduction
The U.S. Geological Survey, in cooperation with State agencies, obtains a large amount of data pertaining to the water resources of New Hampshire and Vermont each water year 1 . These data, accumulated during many water years, constitute a valuable database for developing an improved understanding of the water resources of the two States. To make these data readily available to interested parties outside the U.S. Geological Survey, they are published annually and are available online at http://water.usgs.gov.
Record-high hydrologic conditions in New Hampshire and Vermont occurred during water year 2011. Major flooding was documented in April, May, and August. Widespread damage caused by the flooding led President Barack H. Obama to declare major disasters in parts of New Hampshire for the floods in May and August and in parts of Vermont for floods in April, May, and August.
Purpose and Scope
This report summarizes hydrologic conditions and flooding in New Hampshire and Vermont for water year 2011. Records of stage and flow of streams, contents of lakes and reservoirs, and water levels of groundwater wells are included. In water year 2011, hydrologic data were collected at 125 streamgages and lake gaging stations, 27 crest-stage gages, and 41 groundwater wells. The severity of record floods in water year 2011 is summarized in terms of annual peak streamflows related to historical peak streamflows at selected streamgages.
Historical Records
Prior to 1960, water-resources data for New Hampshire and Vermont were published in U.S. Geological Survey Water-Supply Papers. Data on streamflow and stage and on lake or reservoir contents and stage, through September 1960, were published annually under the title "Surface-Water Supply of the United States, Parts 1A and 1B." For the 1961 through 1970 water years, the data were published in two 5-year reports. Data on chemical quality, temperature, and suspended sediment for the 1941 through 1970 water years were published annually under the title "Quality of Surface Waters of the United States," and data on water levels for the 1939 through 1974 water years were published under the title "Ground-Water Levels in the United States."
From 1961 to 1974, surface-water quantity data for New Hampshire and Vermont were published in annual reports as "Water Resources Data for Massachusetts, New Hampshire, Rhode Island, and Vermont." For the 1964 water year, a similar report was introduced that contained only data relating to water quality. Beginning with the 1975 water year, the report format was changed to present, in one volume, data on quantities of surface water, quality of surface water and groundwater, and groundwater levels. These official reports have an identification number consisting of the two-letter State abbreviation, the last two digits of the water year, and the volume number. For example, the water year 2005 volume is identified as "U.S. Geological Survey Water-Data Report NH-VT-05-1."
Publication of site-specific data pages began in water year 2006. Data pages for individual sites published by the U.S. Geological Survey for all States are available on the Internet at http://wdr.water.usgs.gov/.
Real-time and historical data from the surface-water network, as well as information about individual sites, are available through the Internet at http://waterdata.usgs.gov/usa/ nwis/rt.
Cooperators for Data Collection in New Hampshire and Vermont
The U.S. Geological Survey and organizations of the States of New Hampshire and Vermont have had cooperative agreements for the systematic collection of surface-water data since the early 1900s, and for groundwater data since the mid-1960s. Organizations that assisted in collecting the data in this report through cooperative agreements with the U.S. Geological Survey are
• New Hampshire Department of Environmental Services;
• Vermont Department of Environmental Conservation;
• Vermont Department of Forests, Parks, and Recreation;
• Vermont Agency of Transportation;
• Maine Emergency Management;
• Maine River Flow Advisory Commission;
• New England Interstate Water Pollution Control Commission;
• City of Keene, N.H.;
• City of Rochester, N.H.;
• Town of Salem, N.H.;
• Lake Champlain Basin Program;
• City of South Burlington, Vt.;
• City of Montpelier, Vt.; and
• Town of Burke, Vt.
Assistance in the form of funds or services was provided by the U.S. Army Corps of Engineers for the collection of data at 19 streamgages in 2011. Organizations supplying data are acknowledged in the National Water Information System: Web Interface.
The following organizations contributed funds and services through the requirements of the Federal Energy Regulatory Commission:
• Green Mountain Power Company,
• Great Bay Hydro Corporation,
• Public Service Company of New Hampshire, and
• Florida Power and Light Company.
Hydrologic Conditions in New Hampshire and Vermont, Water Year 2011
Hydrologic conditions in New Hampshire and Vermont were characterized through the use of data from 125 streamgages and lake gaging stations, 27 crest-stage gages, and 41 groundwater wells (figs. 1 and 2, tables 1 and 2). This section describes hydrologic conditions in terms of precipitation, streamflow, lake and reservoir elevations, and groundwater levels.
Precipitation
During the 2011 water year, precipitation trends for the States of New Hampshire and Vermont were observed at the upper end of historical levels. An abnormally high snowpack during the 2010-11 winter, spring thunderstorms, and Tropical Storm Irene in August resulted in the third highest annual accumulated precipitation in New Hampshire and the highest level ever recorded in Vermont, according to precipitation data collected by the National Oceanic and Atmospheric Administration since 1895 (National Oceanic and Atmospheric Administration, 2011).
New Hampshire has experienced an increase in precipitation trends over the past 5 years with the top 3 years of annual accumulated precipitation on record occurring during water years 2006 (National Oceanic and Atmospheric Administration, 2011 (2011) show region-wide snow-water equivalents reaching 7 in. at the height of the 2010-11 winter snowpack. The snowpack had an average water equivalent of 5 in. by April 1, 2011 , and was completely gone by the end of the month (National Weather Service, 2011). 
Surface-Water Streamflow
Computed annual runoff for the 2011 water year was the sixth highest on record for New Hampshire and the highest on record for Vermont ( fig. 3 ; U.S. Geological Survey, 2011a). The ranking is based on a 111-year reference period (water years 1901 to 2011). The 2011 annual runoff, in general, was greater than the 90th percentile of the reference period for New Hampshire and Vermont; some hydrologic cataloging units in the Connecticut and St. Lawrence River Basins had the highest recorded annual runoffs ( fig. 4 ; U.S. Geological Survey, 2011b). Annual runoff in the Piscataqua River Basin in southern New Hampshire was generally in the normal range.
Streamflow data for 11 representative streamgages used as indicators of monthly runoff across both States are provided in figures 5 to 15 (in back of report). Daily mean streamflow for water year 2011 is shown in relation to historical maximum, minimum, and mean streamflows, and annual mean streamflow for the period of record is shown in relation to the 25th, 50th, and 75th percentiles. Annual mean streamflows less than the 25th percentile are to be considered below normal; between the 25th and 75th percentile, normal; and above the 75th percentile, above normal. Hydrographs of monthly flow for the 11 representative streamgages are available on the Internet at http://nh.water.usgs.gov/WaterData/curr.htm.
Androscoggin River Basin
Annual runoff for the Androscoggin River Basin was recorded at four streamgages. Annual runoff was above normal and generally in the greater than 90th-percentile class ( fig. 4 ). 
Saco River Basin
Annual runoff for the Saco River Basin was recorded at four streamgages. Annual runoff was above normal and generally in the greater than 90th-percentile class ( fig. 4) 
Piscataqua River Basin
Annual runoff for the Piscataqua River Basin was recorded at eight streamgages. Annual runoff was normal ( fig. 4) 
Merrimack River Basin
Annual runoff for the Merrimack River Basin was recorded at 21 streamgages. Annual runoff was generally above normal and greater than the 90th percentile in northern parts of the basin (fig. 4) 
Connecticut River Basin
Annual runoff for the Connecticut River Basin was recorded at 29 streamgages. Annual runoff was generally greater than the 90th percentile; some subbasins in Vermont had the highest annual runoff on record ( fig. 4) 
Hudson River Basin
Annual runoff for the Hudson River Basin was recorded at one streamgage. Annual runoff was generally greater than the 90th percentile ( fig. 4) 
St. Lawrence River Basin
Annual runoff for the St. Lawrence River Basin was recorded at 41streamgages. Annual runoff was generally greater than the 90th percentile; some subbasins had the highest annual runoff on record ( fig. 4) 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 Runoff, in inches 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 Runoff, in inches 
Reservoir and Lake Elevations
The total combined usable storage of five major reservoirs in both States is 22,436 million cubic feet (ft 3 ). Variations in month-end average usable capacity for the five major reservoirs are shown in figure 16 . At the beginning of the water year, the actual usable storage from these reservoirs was 15,703 million ft 3 or 70 percent of capacity. Average reservoir storage rose to 86 percent of capacity through October and was followed by a generally steady seasonal decline to a minimum capacity of 52 percent by the end of February, water year 2011. Average reservoir storage increased to a maximum of 96 percent through April and then generally declined. Month-end capacities for the five major reservoirs are available on the Internet at http://nh.water.usgs.gov/ WaterData/curr.htm. Lake Champlain daily mean elevations for water year 2011 and daily maximum, minimum, and average elevations for water years 1940 to 2010 are shown in figure 17 . The annual mean elevation for water year 2011 was the highest for the period of record. All daily mean elevations for water year 2011 were greater than historical average daily mean elevations. Daily mean elevations in April, May, June, and September were greater than historical maximum daily mean elevations.
Groundwater Levels
The groundwater observation well network included 41 wells-29 wells in New Hampshire and 12 wells in Vermont (table 2) . Well locations are shown in figure 2 and are referenced by local well name (table 2) . Month-end conditions are characterized in table 3 for the 38 wells with more than 10 years of data. Water levels less than the 25th percentile are characterized as below normal, from the 25th to the 75th percentile as normal, and above the 75th percentile as above normal.
Groundwater levels in New Hampshire were generally normal (table 3) ; however, many wells, such as NH-WCW 1 ( fig. 18) , had above-normal levels for April, May, and September, coincident with flooding events. Groundwater levels in Vermont were generally normal to above normal. Most of the wells had above-normal levels for October, November, April, May, June, August, and September. Further information on groundwater conditions and the groundwater observation well network is available on the Internet at http://groundwaterwatch.usgs.gov/NHV/StateMaps/NH.html.
Floods
Record flooding occurred in April, May, and August of water year 2011. Peak-of-record streamflows occurred at 25 streamgages with more than 10 years of record. Flooding in April 2011 was widespread in parts of northern To gain a historical perspective on the relative magnitude of flood events in water year 2011, peak streamflows were ranked against previously recorded peaks of record (table 4) . In water year 2011, many rivers in New Hampshire and Vermont reached historic levels. For example, the April 2011 flood of the Lamoille River at East Georgia, Vt. (04292500), produced the largest streamflow in the 82-year period of record, whereas the August 2011 flood of the White River at West Hartford, Vt. (01144000), produced the largest streamflow since 1927 (table 4) .
Annual peak streamflows recorded at streamgages during each flood event are shown relative to the contributing drainage area in figure 19 . To gain perspective on the relative magnitude of the flood peaks, envelope lines for regional maximum flood streamflows (Crippen and Bue, 1977) and for maximum recorded flood streamflows in and adjacent to New Hampshire, as well as a regression line relating the 100-year (Q 100 ) streamflow to drainage area (Olson, 2008) , have been included in figure 19 .
Flood of April 26-29, 2011
The winter of 2010-11 produced an abnormally high snowpack in both New Hampshire and Vermont. In Burlington, Vt., the third highest total snowfall (128 in.) was recorded since records were established in 1893 (National Weather Service, 2011). This snowpack in conjunction with record rainfall in the months of April and May produced severe, widespread flooding in large basins within both States. The heaviest rainfall and resulting riverine flooding occurred April 26-29, 2011, across the Androscoggin, Connecticut, and St. Lawrence River Basins in northern New Hampshire and Vermont. The water level in Lake Champlain surpassed prior historical records and crested at 103.27 ft on May 6, 2011. Annual peak streamflows for water year 2011 were recorded at 29 streamgages (table 4). Peak-of-record streamflows were recorded at nine streamgages in the Connecticut and St. Lawrence River Basins.
Five streamgages in New Hampshire recorded stages at or above the flood stages designated by the National Weather Service. Minor to moderate flooding was reported in the Androscoggin, Pemigewasset, and the Connecticut River Basins. Flooding in Vermont was more widespread; 10 streamgages or lake gages recorded stages at or above the flood stages designated by the National Weather Service. Minor to moderate flooding occurred in the Passumpsic, Otter Creek, and Winooski River Basins. Major flooding occurred in the Lamoille and Missisquoi River Basins, and at Lake Champlain. 
Flood of May 27, 2011
Flash flooding occurred on May 27, 2011, as a result of rainfall on already saturated soils. Localized riverine flooding occurred mainly in subbasins within the Connecticut River Basin in northeastern Vermont and was the result of severe thunderstorms and locally heavy rains of as much as 3 to 5 in. Annual peak streamflows for water year 2011 were recorded at six streamgages. Peak-of-record streamflows were recorded at five streamgages in the Connecticut and St. Lawrence River Basins (table 4) .
Seven streamgages or lake gages recorded stages at or above the flood stages designated by the National Weather Service. Minor to moderate flooding occurred on the Androscoggin, Passumpsic, and Wells River Basins. Major flooding occurred in the Winooski River Basin and at Lake Champlain.
Lake Champlain
Record flooding occurred on Lake Champlain during the spring of 2011. Lake Champlain was above the National Weather Service flood stage of 100 ft for a 68-day period that spanned from April 13 to June 19, 2011 (fig. 17) . Lake Champlain at Burlington, Vt. (04294500) 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 1,700 1,900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 Water Year 1,400 1,600 1910 1920 1930 1940 1950 1960 1970 1980 1990 Figure 15 . A, Daily mean streamflow for water year 2011 and daily maximum, minimum, and average streamflows for water years 1917-19, 1922, 1923, and 1929-2010 at station 04293500 Missisquoi River near East Berkshire, Vermont, and B, annual mean streamflow for water years 1917-19, 1922, 1923, and 1929-2011, and 25th, 50th , and 75th percentiles for annual mean streamflows.
